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Introduction
Total knee arthroplasty (TKA) is one of the most common procedures performed by orthopaedic surgeons; 160,000 such operations are performed each year in England and Wales alone 1 . For trainee surgeons, the development of competence through operative experience is fundamental 2 .
A delicate balance remains between the trainer and trainee to ensure the needs of the patient are met and that training opportunities are optimised. Over the last few decades, surgical training has had to address a number of challenges including a change in working patterns following the introduction of the European Working Time Directed (EWTD). Furthermore, with unit level and potentially surgeon level data being made publically available in registries, consultants and their operative outcomes are under closer scrutiny. 2 3 . The literature surrounding this area remains contentious, with a review of 43,343 patients finding increased risk of 30-day complications with trainee involvement in arthroplasty. 4 This study aims to investigate whether there is any significant difference in function, complications and implant survival up to 12 years in cases performed by a consultant or a trainee.
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Results
Losses to follow-up, mortality and revision surgery are listed in (Table IV) .
Patient survival.
In the univariate analysis patient diagnosis reached threshold for significance in the multivariate model (Table V) . Surgeon grade did not have a statistically significant effect on patient survival (p=0.209, p=0.298) (Table VI) .
Implant survival. 34 revision procedures were performed during the study period. Of the primary surgeries 26 cases were performed by consultants and 8 by trainees. In univariate analysis, complication and length of hospital stay reached significance for inclusion in multivariate model. In multivariate analysis the development of a complication was significant in implant survival (Table VII) . Surgeon grade did not have an effect on implant survival to revision (p=0.422). Figure 1 Complications. 10 patients developed infection: 7 were a deep infection and 1 was a wound infection -these were operated by consultants. The remaining two patients had infection documented and were operated by trainees. The nature of these latter infections weren't recorded. 5 patients were recorded to have had pulmonary embolisms in this cohort.
1 patient had tibial base plate loosening which was operated by a trainee which required revision. 1 patient had a documented fracture, 1 patient had a peri-prosthetic fracture, 2 patients had instability, 2 patients had symptomatic malalignment, 1 patient had limited mobility and 1 patient's complications weren't recorded. All these cases were operated by consultants and required revision.
Discussion
We found no significant differences between operative surgeon grades in patient mortality (p=0.209), implant survival to revision (p=0.422), function (p=0.507) and length of hospital stay (p=0.695) at 10 years. This is the first long term study to address this topic and this information is new to the literature when previous studies have only examined the short and medium term outcomes of up to 5 years. 7 .
These results are consistent with existing literature surrounding trainee involvement in TKA.
An analysis of 24,529 patients undergoing TKA demonstrated that resident involvement did not increase the risk of complications. 5 A recently published randomised controlled trial also reported no significant difference in coronal alignment, blood loss or functional scores in TKA performed with computer assistance between consultants and trainees at 5-years. 6 Furthermore, trainees have been shown to achieve similar implant alignment compared with consultants with computer-aided navigation. 7 The findings of our study are consistent with other areas of orthopaedic research. In total hip arthroplasty (THA), no significant differences were found in early clinical outcome in patients operated on by residents and the dislocation rate between trainee and consultant groups at 18 months. 8 9 A multicentre study of 879 patients undergoing THA in our region also demonstrated no significant differences in Harris Hip Score (HHS), mortality, dislocation rate or infection rate at 10 year follow up. 10 Furthermore, a prospective study of 1501 patients undergoing hip arthroplasty found no differences in Oxford Hip Score (OHS) at 5 years.
11
In a large review of 43,343 patients undergoing one of 12 orthopaedic procedures, sub analysis of 23,783 patients undergoing arthroplasty demonstrated a mild to moderate risk for complications with trainee involvement including post-op sepsis and pulmonary embolism but not including mortality. 5 The authors did not clarify if they analysed the patient demographics between consultants and trainees in this sub group, and only inpatient complications were recorded with no record of functional outcomes or long-term follow up.
It is therefore possible that the cases with trainee involvement were a higher risk group than those with no trainee involvement. No clarification was made as to whether trainees were considered the primary surgeon or the assistant.
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It has been consistently demonstrated that operative time tended to be higher in trainee-led operations most likely due to the learning curve associated with this operation. 6, 7, 8, 9, 12 Khaka demonstrated tourniquet times were 17 minutes longer in 4 th year residents (with the consultant unscrubbed) compared to consultants but no differences in functional outcomes at 5 years were seen. 7 Whist we would expect so see something similar in our own study however in our institution the operative times were not recorded and cannot be commented upon.
In this study, no evidence was found that surgeon grade had any effect on the development of complications. Trainees in this cohort operated on older patients compared with consultants which did appear statistically significant. It is important to note however that the level of trainees was not stratified intentionally, as a higher or lower training grade was not felt to be a good surrogate for level of experience. Our rationale for this is that the trainee had been deemed competent by the responsible consultant to undertake the procedure either with or without direct supervision. Consequentially, the level of supervision was also excluded as this seemed an artificial categorisation of what is usually a spectrum of supervision ranging from direct supervision through 'coffee room' supervision to independent operating. This approach is a purposely pragmatic study of what occurs in most training hospitals allowing this cohort to be representative of common clinical practice.
In the univariate and multivariate analysis: age, pre-op PF pain and pre-op KS pain were demonstrated to be significant factors in the development of complications. This is consistent with the literature as pre-operative pain, level of deprivation and history of depression were the most important predictors of outcome following TKA. 12 Furthermore age, sex, BMI, and the presence of diabetes were reported as the best predictors for the need for TKA revision. 13 Overall, patient factors rather than surgeon grade are better predictors of post-operative mortality and morbidity in TKA.
This study has limitations. We were reliant on prospectively collected data and patients were not randomised. As a result, selection bias may have occurred with consultants electing to operate on more challenging cases or those with higher American Society of Anaesthesiologists (ASA) grades. 14 This data however is unavailable in our cohort. Finally this study analysed patients in one region and other variables affecting surgical performance (e.g. training, supervision, calibre of consultants and trainees) may differ between areas.
This study demonstrates that under appropriate supervision trainees can perform TKA with similar clinical outcomes as consultants up to 10 years. This suggests there is an opportunity to train whilst ensuring a good outcome for the patient. 
